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This  task  was  authorized  to  investigate  alternative  materials  for  the  current 
PVC  visor  of  the  OPE  Outergarment  that  will  Increase  the  shelf  life  of  Outer- 
garment  without  affecting  its  protective  capability.  A  material  search  and 
test  program  Isolated  an  Ionomer  (Surlyn)  as  the  Improved  material  for  the 
visor,  and  a  functional  test  program  verified  the  suitability  of  Surlyn  as 
the  visor  material  in  the  DPE  Outergarment. 
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IMPROVED  VISOR  MATERIAL  FOR  DPE  OUTERGARMENT 


INTRODUCTION 


The  current  DPE  outergarment  visor  material  is  polyvinyl  chloride  (PVC) 
compounded  with  a  significant  amount  of  plasticizer  to  increase  the  flexi¬ 
bility  of  the  PVC.  However,  during  long  periods  of  storage,  the  plasticizer 
was  found  to  migrate  from  the  PVC  to  the  chlorinated  polyethylene  (CPE) 
material  of  the  outergarment,  thus  reducing  the  flexibility  of  the  visor  to 
an  unacceptable  level.  The  rate  of  the  migration  of  the  plasticizer  limits 
the  shelf  life  of  the  DPE  outergarment  to  one  year.  This  program  was 
funded  to  investigate  alternative  visor  materials  that  will  Increase  the 
shelf  life  of  the  DPE  outergarment  without  affecting  its  protective 
capability. 

INVESTIGATIONAL  PROCEDURES  AND  RESULTS 

Task  procedures  of  this  program  included  the  following: 

°A  materials  search  to  identify  alternative  materials  that  would 
achieve  the  goals  of  the  program. 

"A  test  program  to  screen  the  material  candidates  consisting  of 
physical  properties  testing. 

"Development  of  manufacturing  and  assembly  techniques  to  ensure  that 
any  of  the  selected  materials  could  be  constructed  as  the  CPE  visor. 

"A  functional  test  program  to  verify  that  the  final  selected  material 
was  suitable  for  the  DPE  outergarment  application. 


The  materials  search  effort  and  screening  test  program  resulted  in  the 
selection  of  an  ionomer  (Surlyn)  as  the  improved  DPE  visor  material.  The 
new  visor  was  constructed  as  a  subassembly  to  facilitate  manufacturing. 

The  functional  test  program  verified  that  Surlyn  is  a  suitable  material  to 
replace  PVC  as  the  OPE  outergarment  visor. 


MATERIALS  INVESTIGATION 


The  materials  investigation  consisted  of  a  search  to  Identify  material 
candidates,  procurement  of  samples  for  screening  testing,  and  testing  of 
the  physical  properties  of  the  samples  as  they  apply  to  the  DPE  outergarment 
visor. 


3.1  MATERIALS  SEARCH 

The  materials  search  consisted  of  a  study  of  all  thermoplastic  elastomeric 
materials  currently  available.  Research  involved  a  literature  survey  of 
material  vendor  product  bulletins  and  data  sheets,  telephone  conversations 
with  material  vendors,  and  intensive  study  of  research  journals  on  elasto- 
mt'-ic  materials.  The  materials  search  resulted  in  the  selection  of  the 
following  material  candidates  to  be  subjected  to  physical  property  testing: 
"Ionomer  (Surlyn) 

"Cellulose  Acetate 
"Cellulose  Butyrate 
"Chlorotrifluoroethylene  (KEL-F) 

"Low  Density  Polyethylene/Barex  coextrusion 
"Styrene  Butadiene  (Solprene) 

"Thermoplastic  Polyester 


3.2  MATERIAL  TEST  PROGRAM 


Samples  of  the  above  material  candidates  were  procured  and  subjected  to 
physical  properites  testing  as  specified  in  DD500-S00008  -  Material  Speci¬ 
fication  For  Press  Polished  Optical  Grade  Vinyl  Sheet.  The  results  of  the 
test  program  are  given  in  Table  I.  The  physical  property  test  data  sheets 
are  included  in  Attachment  1,  As  is  seen  in  Table  I,  Surlyn  Is  the 
only  one  of  the  material  candidates  that  meets  all  of  the  requirements  of 
the  material  specification.  Additionally,  Surlyn  contains  no  plasticizers 
which  could  migrate  to  the  CPE  as  is  the  case  with  the  PVC  visor.  There¬ 
fore,  Surlyn  was  selected  for  further  investigation  as  the  improved  DPE 
visor  material. 


4.  FABRICATION  AND  ASSEMBLY  TECHNIQUES 

In  conjunction  with  the  materials  investigation,  an  effort  to  develop  the 
optimum  ;  ication  and  assembly  techniques  with  the  new  visor  materials 
was  initiated.  Since  it  was  noted  early  in  the  test  program  that  Surlyn 
was  the  most  likely  candidate,  effort  was  concentrated  on  developing 
techniques  for  using  Surlyn. 

4.1  VISOR  SEAMS 

Current  DPE  fabrication  procedures  call  for  the  visor  to  be  sealed  to 
Itself  by  RF  sealing.  When  this  technique  was  tried  with  the  Surlyn,  the 
seams  were  found  to  have  unsatisfactory  strength.  In  order  to  Improve  the 
seam  strength,  the  following  technique  was  developed: 


a)  Prepare  surlyn  by  roughing  with  sandpaper  In  area  to  be  sealed. 

b)  Apply  adhesive  (Bostlk  7376  and  Boscodur  #4  two  part  system)  in 
area  to  be  sealed. 

c)  Air  cure  adhesive  for  a  minimum  of  8  hours. 

d)  Place  the  surlyn  between  two  pieces  of  .002"  thick  PVC  film  and 
apply  power. 

e)  Peel  PVC  film  away  from  surlyn  after  sealing. 

The  strength  of  the  seams  made  per  the  above  procedure  was  higher  than  Is 
required  by  the  material  specification,  however  the  power  requirements  are 
higher  than  normal  and  there  Is  a  possibility  of  arcing  across  the  heat 
seal  tool  due  to  the  high  power,  which  is  a  danger  to  the  operator  and 
requires  reworking  the  tool  if  the  arcing  damages  it.  This  arcing  also 
normally  damages  the  Outer-garment,  thus  requiring  rework  or  scraping  the 
unit. 

In  order  to  eliminate  the  problems  associated  with  sealing  surlyn  to  Itself, 
the  helmet  was  redesigned  as  a  separate  subassembly  as  shown  in  Figure  1. 

The  advantage  of  this  approach  Is  that  all  seams  In  the  helmet  assembly  are 
either  Surlyn  to  CPE,  or  CPE  to  CPE.  The  procedure  for  sealing  the  Surlyn 
to  CPE  is: 

a)  Prepare  Surlyn  by  roughing  with  sandpaper  in  area  to  be  sealed. 

b)  Apply  adhesive  (Bostlk  7376  and  Boscodur  #4  two  part  system)  in 
area  to  be  sealed. 

c)  Air  cure  adhesive  for  a  minimum  of  8  hours. 

d)  Heat  seal  Surlyn  to  CPE 

The  shear  strength  of  seams  prepared  In  this  manner  averaged  47.6  #/1n, 
well  above  the  specification  requirement  of  30  #/1n. 


FIGURE  2  -  DPE  HELMET  WITH 
CPE  FLANGE  AROUND  PERIPHERY 


A  further  advantage  to  fabricating  the  helmet  as  a  spearate  subassembly  is 
that  the  helmet  can  be  fabricated  and  handled  separately  from  the  body  of 
the  outerganment  which  reduces  the  amount  of  handling  and  facilities  area 
required  for  curing  the  adhesive  system,  thus  keeping  the  manufacturing 
costs  associated  with  the  installation  of  the  Surlyn  visor  at  a  minimum. 

FUNCTIONAL  TEST  PROGRAM 

The  functional  test  program  was  run  to  verify  that  the  Surlyn  would  be 
suitable  in  the  DPE  Outergarment  configuration.  The  elements  of  the 
functional  testing  were  a  burst  test,  an  endurance  test,  and  an  impact 
test.  The  functional  test  program  test  data  sheets  are  included  in  Attach¬ 
ment  2. 

The  burst  test  determines  the  seam  that  is  stressed  the  greatest  under 
pressure  loading.  The  procedure  followed  during  the  burst  test  is  to  seal 
the  Outergarment  exhaust  assembly,  and  pressurize  the  suit  until  failure 
occurs.  The  pressurized  Outergarment  failed  at  21  iwg  at  the  left  shoulder 
seam.  Failure  of  a  DPE  Outergarment  normally  occurs  between  18  and  22  iwg. 
Therefore,  the  Surlyn  visor  seams  are  not  expected  to  be  the  highest  stressed 
in  the  DPE  Outergarment. 

The  endurance  test  was  run  to  ensure  that  a  DPE  Outergarment  with  a  Surlyn 
visor  will  endure  the  two  hour  use  cycle  employed  at  CAMDS.  The  test 
procedure  used  during  the  endurance  test  is  outlined  in  Table  II.  The 
endurance  test  was  run  for  a  total  of  six  hours  with  no  leakage  or  other 
problems  occuring  in  the  visor  area.  However,  on  two  occassions  the  Outer- 
garment  tore  at  the  tail  section.  This  was  most  likely  caused  by  a 


combination  of  the  air  pack  pressing  against  this  area  and  the  reduction  in 
volume  and  corresponding  increase  in  pressure  caused  by  the  "duck  squat" 
portion  of  the  endurance  test.  It  is  also  possible  that  the  pressure 
relief  valves  did  not  operate  during  this  maneuver  as  the  subject  had  his 
arms  folded  across  his  chest  in  the  area  of  the  pressure  relief  valves. 

The  impact  test  was  run  to  verify  that  a  Surlyn  visor  can  withstand  re¬ 
peated  impacts  without  degradation.  The  impact  test  procedure  consists  of 
placing  a  helmet  assembly  in  a  fixture  and  pressurizing  it  to  normal 
working  pressure.  A  mechanical  test  fixture  is  then  used  to  impact  the 
visor  at  its  peak  with  a  force  of  13.5  pounds  at  a  rate  of  200  impacts  per 
minute.  The  test  fixture  is  set  up  so  that  the  visor  deflects  approxi¬ 
mately  one  inch  upon  impact.  The  impact  test  was  concluded  after  2000 
impacts  with  no  leakage  or  damage  found  to  the  visor. 

DISCUSSION  OF  RESULTS 

Performance  of  this  contract  resulted  in  the  selection  of  .020  inch  thick 
Surlyn  as  an  improved  visor  material  for  the  CPE  outergarment.  Selection 
was  based  on  the  ability  of  the  material  to  increase  the  shelf  life  of  the 
ensemble  while  at  the  same  time  conform  to  all  visor  specification  require¬ 
ments.  Other  selection  criteria  Included  material  availability,  manufac¬ 
turing  considerations,  and  cost  effectiveness. 

One  characteristic  of  the  Surlyn  that  needs  to  be  Improved  is  that  of  Its 
optical  quality,  which  is  of  course  a  critical  parameter  In  a  visor  appli¬ 
cation.  The  Surlyn  samples  originally  received  had  excellent  optics  (93* 


Light  Transmission,  2%  Haze).  However,  the  material  procured  for  the 
fabrication  of  the  evaluation  units  of  this  program  had  values  of  92 %  Light 
Transmission  and  5.2»  Haze,  which  is  above  the  4.0  maximum  haze  require¬ 
ment.  Contact  with  the  Surlyn  film  supplier  revealed  that  the  resin  sup¬ 
plier  was  forced  to  modify  the  Surlyn  formulation  slightly  to  conform  to 
environmental  regulations.  This  change  caused  processing  difficulties  for 
the  material  converter,  causing  the  increase  in  haze  due  to  the  addition  of 
processing  aids. 

Normal  procedure  to  improve  the  optics  of  a  clear  material  involves  press 
polishing.  This  consists  of  placing  the  material  between  two  perfectly 
smooth  (polished)  surfaces,  and  heating  and  applying  pressure  to  the  ma¬ 
terial  until  it  begins  to  flow,  thus  removing  surface  imperfections  which 
distort  the  light  and  increase  haze  values.  Conventional  press  polishing 
operators  however i  are  reluctant  to  polish  Surlyn  due  toj'ts  affinity  for 
metal  at  elevated  temperatures  and  the  possibility  of  ruining  an  expensive 
set  of  polished  platens.  ILC  has  developed  a  technique  for  press  polishing 
Surlyn,  however  our  current  press  is  too  small  (12"  X  16")  to  polish  the 
entire  DPE  Outergarment  visor.  ILC  is  currently  in  the  process  procur¬ 
ing  and  installing  a  larger  press  that  will  accomodate  the  DPE  visor  size 
so  that  a  Surlyn  visor  for  the  DPE  Outergarment  can  be  press  polished  in 
the  future. 

A  second  concern  that  has  arisen  with  the  Surlyn  visor  material  is  its 
applicability  to  high  volume  production.  The  bonding  and  sealing  procedure 
described  in  section  4.1  resulted  in  seam  strengths  greater  than  the  speci¬ 
fication  requirement  when  done  on  a  prototype  basis.  However,  when  the  30 


evaluation  garments  were  fabricated,  a  high  percentage  of  the  visor  seams 
were  found  to  have  peeled  away  from  the  visor  thus  necessitating  a  great 
deal  of  rework  not  previously  encountered  in  the  manufacture  of  DPE  Outer- 
garments.  In  order  to  reduce  this  amount  of  rework  to  economically  prac¬ 
tical  levels,  further  investigation  into  improving  the  sealing  techniques, 
such  as  Corona  Discharge  treatment  of  the  Surlyn  prior  to  bonding  must  be 
done. 

recommendations 

In  order  to  make  the  Surlyn  material  feasible  for  high  volume  production, 
ILC  Dover  recommends  that  further  areas  of  development  be  considered: 

1.)  Development  of  the  press  polishing  procedure  for  Surlyn  of  a  size 
large  enough  for  the  DPE  outergarment  visor. 

.2.)  Investigation  of  improvement  of  the  current  bonding  and  sealing 
techniques  for  cost  effective  production. 

ILC  Dover  also  recommends  that  after  completion  of  the  above  areas  of 
development,  specification  DD500-S00008  be  changed  to  reflect  .020"  thick 
Surlyn  as  the  DPE  outergarment  visor  material.  Since  the  Surlyn  is  suffi¬ 
ciently  flexible  enough  at  this  thickness  without  the  addition  of  plasti¬ 
cizers,  the  shelf  life  of  the  DPE  will  not  be  limited  due  to  plasticizer 
migration  from  the  visor.  In  addition,  the  superior  physical  properties  of 
the  Surlyn  will  result  in  an  overall  product  improvement  to  the  DPE  outer- 
garment.  Because  the  Surlyn  meets  or  exceeds  all  of  the  current  require¬ 
ments  of  the  visor  specification,  no  other  changes  are  required. 
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IOI  J»*-  MIDItICA,  01.  !♦«* 


TEST  REQUEST 


X29-893-X00 


NUM  SC  A 

05X-1 

0234-05 


».  DATE 

8/21/80 


7.  rear  »«occdume  attached 

1  ]  Ttl 

6f~l  MO 

I.  RHOTO  DOCUMENTATION 

REQUIRED 

ZD  *** 

SP  "e 

mo  ms  (•/tti 


wk»*#  »  T «at 


Y*IU*  *  T#«t 


01**  .  OnfiMMr 


*  RIM  TED  'N  g»A 


H  ILC  DOVER 

\jr  IOI  IM'NIMIKi,  81. 


:  I.  •HOJtCT  NWI 


TUT  KIQUIST 


05X-1 

0252-05 


IMPROVED  VISOR  MATERIAL 


X29-893-X00 


9/08/80 


«.  TfJT  DCICM8  YtOM 


7.  TUT  PNOCKOUMf  ATTACH  CO 


Test  per  FED-STD-406,  Method  6011,  Procedure  VII 


Z2  v*»  r?  ho 


•HO  TO  DOCUMENT  A  TIOM  ACQUIRED 

dj  v«*  C 


OATC  8CIUL  TI  NCtOCO 


9/12/80 


TEST  COORDINATOR 


0l«  REVIEW 


TEST  CONDUCTOR 


womo  MO  i»ii  {•/?•) 


•Kim  -  T#«»  l«* 


▼  •I  low  •  Ta«»  !»•* 


*»r*i  •  Ori|tMtw 


•  Win  t CO  m  jIa 


ILG  DOVER 

IOI  2M-HI0IIICA  0(.  1**44 


taui»MCN  -  .sco 


As  Required 


j+zsr  fbwiiR 

1 

TEST  RESULTS 

05X-1  ; 

1  0252-05 

jSAI-t 

X29-893-500 

9/10/80 

Calibration  of  test  SQuiRMfNT 

vgwtxgs  tv  i  : 


Weight  before  -  11.830 


Weight  after  aging  -  11.800 


Thickness  before  -  35.5  mils 


Thickness  after  agine  -  35.7  mils 


No  color  change,  surface  irregularities,  oder,  or  alterations  of  shape. 


No  dimensional  changes . 


ILC  DOVIR 

IQX  IM'KIDItlU,  Bl.  WM* 


I.  mojIcthwI 

IMPROVED  VISOR  MATERIAL 


TEST  REQUEST 


X29-893-X00 


i-  o*ts 

9/08/81 


TCSY  OCSCW'TIOM 


Abrasion  Test  per  FED-STD-406,  Method  1091,  (Taber) 
H-18  Wheel,  1000  gm  weight,  500  cycles 


?■  TUT  BROCtOUM  AT-ACHCO 

'  *  c*  HE  no 

•  ■  PHOTO  XCUM|NTaTiQm 

ftCOUiffCD 

i  ve» 

T3  NO 

•  DAT!  RlluLriNECDCD 

9/12/80 

1C  ORIGINATOR 

Bob  Algera 


TEST  COORDINATOR 


am  review 


C*  K  WITH  ess 

CS  VR*  C  wo 


OCASM  WITH  ess 

□  V»  G2  WO 


04  A  CAW)  RW  AT  ION  VER  I  9  I  C  AT  ION 

3  vts  Gj  wo 


TEST  CONDUCTOR 


•••■OVAL 


scHCDuwe 


AON*  W  HI!  19/701 


Doviowod  By 


•  T««f  L«*  •  ?#•*  Rip*  *  0»»t»Rtw 


•  R»Nt|D  IN 


^  iLe  Dovin 

^  tox  IM'fllDItlU,  Dl.  1**4* 


1.  MejICTnMI 

IMPROVED  VISOR  MATERIAL 


«.  title 

MATERIAL  EVALUATION 


a.  CM<MI  HWMIIR 

X29-893-X00 


».  OATS 

9/05/80 


TUT  DflCMA  TION 


Tensile  -  FED-STD-406  Method  1013 
Elongation  -  FED-STD-406  Method  1013 
Tear  -  FED-STD-406  Method  1121 


7-  TEST  f«oeiDURK  ATTACHED 

r*~!  t»» 

E  NO 

•  ■  *«OTO  OOeUMKNTATION 

AEOUlHED 

r~i  t»» 

nr  no 

1  DaTK  results  needed 

9/12/80 

1°  ORIGINATOR 

Bob  Algera 


TEST  COORDINATOR 


0  *  R  REVIEW 


O*  R  WITNESS 

fx~  yes  ro 


DC  AIR  WITNESS 

□  TES  S]  NO 


OOR  CALIBRATION  VERIFICATION 
nr  YES  □  NO 


SCHEDULE 


TEST  CONDUCTOR 


AOONOVAL 


OA  ■ 


i  mts 


•  Tm»  LM  T*4I«h  •  Tm<  PifMi  •  0*< •>•»•*•* 


ILC  DOVER 

•ex  iM-niociia,  01.  i»«* 


TEST  RESULTS 


•  XOJKCT  MAMC 


Visor 


:iST  £QBT?!IEST  3SES 


Instron 


calibration  of  test  equipment 


PHYSICAL  TEST  REPORT 


IDENTIFICATION ! 


CURE  DATE 


!:sr:i3T!i:r  :rx:ns  tut 


:at«  it 


75  Degrees 


50  7,  Relative  Huaiditv 


%  ILC  DQVBR 

^  »ex  iMWIIDIIIU,  01.  1094* 


t.  MOjtCTNWl 


TEST  REQUEST 


0249-03 


IMPROVED  VISOR  MATERIAL 


X29-893-X00 


09/05/80 


•  ■  tcst  ocscmv-rtOH 


Cold  Crack  per  ASTM-D-179C  at  -20°F.  If  cracks 
occur  run  at  -5°E. 


1.  T**T  •DOCIDUM  iTTiCHU 


TC»  |22  NO 


•HOTO  DOCUMENT  A  TIP*  JEEOUi  NEC 


□  r**  E  NO 


DATE  ftESUlTS  NEEDED 


9/12/80 


TEST  CONDUCTOR 


»  «•«* 


**»*•  •  T L«»  Yatlpv  •  Th»  kO  •  Qfif 


•«N*KO  •«  U4A 


%  ILC  DOVKR 

\i  iex  moiiDinci,  01.  !♦«* 


I.  WNOJCCT  NAMI 


tut  oisemrriON 


7.  TUT  OAOCKOUNK  ATTACMCO 


Tensile  -  FED-STD-406  Meth  1013 
Elongation  -  FED-STD-406  Meth  1013 
Tear  -  FED-STD-406  Meth  1121 


TEST  COORDINATOR 


r-  y  «•  C  **° 


MO  TO  OOOJMINTaTIQN  ACQUIMCO 


G  gT"  no 


.  OATt  RIIUlTInKKOCD 


9/12/80 


1C  OftlOINATOR 


Bob  Aleera 


0  4  R  REVIEW 


OAW  WITNESS 


E  vcs 


OCASN  WITNESS 


G  YCS  $  H0 


04*  CAU  BOAT  ION  VENiriCATlON 


E  Y«  E  m0 


TEST  CONDUCTOR 


AWWNOVAU 


c  t  0«  ■ 


*MM  NO  MIS  l»/7t| 


wNtte  .  Tee*  Twliow  •  Te#»  {.»*  .  Oft* «*•*•» 


•  NtaTKQ  t«|  us« 


•OX  2*6- FtIDIttCA,  Oi.  19*46 


'EST  RESULTS 


IEST  SQL'  IPX EXT  0  SID 


Instron 


X29-893-500  9/04/80 


,  CALIBRATION  OF  TEST  EQUIPMEN 


IDENTIFICATION  I 


GAUGE 


Polyester 


MILS  I  force  I  psi 


PHYSICAL  TEST  REPORT 


MODULUS 


PORCE  PSI  FORCE  PSI 


CURE  DATE 


E 


\ 

\  ILC  DOVER 

TUT  KI9UEST 

▼t(T  MUM  IBM 

05X-3 

0249-02 

1.  PNO^tCTMAMK 

1  cmamok  numikr 

t.  DA  T  ft 

IMPROVED  VISOR  MATERIAL 

X29-893-X00 

09/05/80 

•  ■  t«st  a«sc*t»TtoM 


Cold  Crack  Test  per  ASTM-D-1790  at  -20°F  if  cracks  occur 


?.  T|»T  MOCEOuHK  ATTACHED 

—  YE» 

25  w® 

1.  PHOTO  OOCUMKN  TATI  ON 

KCQUiRCO 

1  !  yEI 

23 

OATS  RCtULTS  NCKDCD 

9/12/80 


TEST  COORDINATOR 


o  & 

*  REVIEW 

loo*  witness 

CD  »** 

MO 

I0CASR  WITNESS 

□  'O 

?T~  mo 

|0*M  CAUDAATION  VERIFICATION 

I  3! YH 

L-  MO 

test  conductor 


approval 


ot  * 


>  Mfl  |»/7«» 


lavitvtd  By 


**<*•  .  Tmi  l«#  T«{l««  .  T#«»  •  0*»  §**•*•* 


*  *c.  c 


>  AM  C 


Cr-  A  MG  C  SbM||M 


3*  -l 


I 

I 

I 

I 

! 

I 


Visor _ 29-693-500 _  9/06/80 

•«if  ioui»«ci.'  -«u  cause*  hon  of  -;s~  ;eoia»>eNT _ 

_ ygm»n:  gv  d*-i 


Missimer  Chamber 


Polvester  Visor  Material 


Samples  (2  each)  tested  <5  -20°F  -  both  failed. 


Samples  (2  each)  -5°F  -  both  failed. 


ir  njmiik 


ILC  DOVER 

•ex  2*«>M|0iaiCA,  01.  !♦»«* 


mmowsct  MAMS 

IMPROVED  VISOR  MATERIAL 


14.  TITUS 


MATERIAL  EVALUATION 


t*>t  osseMonOM 


Tensile  -  FED-STD-406  Method  1013 
Elongation  -  FED-STD-406  Method  1013 
Tear  -  FED-STD-406  Method  1121 


TEST  COORDINATOR 


■  it*  css 


•4 

a 

*  ncvigw 

Oe  *  WITNESS  j 

C  TES 

n  mo 

| dcasp  witness 

C  re* 

E  MO 

IQ**  CALI  BRAT  ION  VERIFICATION  J 

C  MO 

5.  TSST  tWCIDUKI  4 TT  ACM  CD 

1  ;  r*»  MO 

».  photo  documentation  ocouincd 
YU  C  H° 

»  3ATt  KKIULTSNUatC 

9/08/80 _ ! 

to  OKISINATOM 

Bob  Aleera  I 


test  conductor  | 


SCHEDULE 


•avisved  By 


|>M  -  T««t  L«*  ■  T hi  LM  Rt"«  •  0»ttt««*»' 


%  ILC  DOVER 

^  SOX  264- MIDtIICA,  01.  <**44 


•  ««jtcr  nmc 

Visor  Material 


list  SOCIPMEXT  3SZS 

Ins tron 


IDENTIFICATION ! 


GAUGE 


MILS 


30.7 


PHYSICAL  TEST  REPORT 


Cellulose  Acetate 


MODULUS 


CURE  DATE 


ff’.ruuTi 

TISSUE 


33.8  :  18.5  I  5^7 


DUROMETER 

TENSION 

SHORE  "A" 

SET 

EST-.i:ssi:iT  tut 

'  75  Degrees 


1310  3T 


:aTa  a??vtts;  jv 


50  %  Relative  Humiditv 


31  ILC  DOVER 

BOX  lU-HIDIIICA,  D«.  IM44 


•"OJICT  H  AM  K 

IMPROVED  VISOR  MATERIAL 


Tl  TUt 

COLD  CRACK 


TIST  R I  QUEST 


X29-893-X00 


article  ©ercmimtion 

Cellulose  Acetate 


Bt*  NWM 


0247-01 


i.  dats 

9/02/80 


test  okscmption 


7.  TUT  MMOCCDUME  ATTACH  CO 

c  v«  y"  WO 


Run  Cold  Crack  Test  per  ASTM-D-1790  at  -20  F.  If  cracks 
occur  run  at  -5°F. 


ftt&UUTS  NtIDCD 

9/08/80 


1C  ORIGIN  ATOM 


Bob  Algera 


test  coo«oik*,tor 


witmo* 


Ohfimmff 


t»T  wCVtU 


0  4  R  RCVlgw 


OEM  WITNESS 


2]  ▼** 

• _ ;  NO  jj 

OCASR  WITNESS 

Oat» 

!  TCS 

nr  mo  | 

T  (ME 

SCHEDULE 


TEST  CONDUCTOR 


approval 


SA  • 


0*  m  CALIBRATION  VERIFICATION 
ift"  TfS  CZ  MO 


COMMENT! 


Kcvitvcd  By 


••t  u«*  T#i!#»  .  Tost  L*fc  •  0'ifiAAtsf 


•  MINTED  <N  wSA 


ILC  DOVER 

•OX  2*4- MIOflICA,  01  l»14« 


X1T  -*W— »IC* 


TEST  RESULTS 


0247-01 


•  *c-  i:*  nami 

i  5*  *1 

1  Visor  Material 

X29-893-500 

9/3/80 

-(I*  I  S_.  »-  CK  ■  j  »*c 


Missimer  Cold  Chamber 


CAl.SBaTIQN  04  -«S~  iCUlPMgNT 
vCBIIHg;  tv _ ‘ _ 


Samples  (2  each)  @  -  20°F  -  both  failed 


Samples  (2  each)  @  -5°F  -  both  failed. 


•II-  -  * 


TEST  REQUEST 


1 1.  •aejseT  mams 

I  IMPROVED  VISOR  MATERIAL 


A.  TITtt 


05X-01 

0269-09 


1.  OATS 

9/23/80 


TS1T  OSKMATISN 


Run  Shear  Tests  on  CPE  -  Surlyn  seams.  Record  shear 
strength  of  each  sample  of  A,  B,  &  C  configuration. 
Return  samples  to  Bob  Algera 


T.  TEST  AMOCEOUAE  ATTACHED 

YE»  *7  NO 

».  photo  documentation  fttooiftta 


3*Tt  RESULTS  NlCdEC 


9/31/80 

'0  originator 

Bob  Algera 


tesT  coordinator 


WITNESS 

c  v« 

o 

U 

ocas*  « iTwess 

G  yn 

E 

O*  A  CALIBRATION 

vE*ir  ICATION 

3!  Y« 

n  no 

COMMENT 


0  4  n  REVIEW 


TEST  CONDUCTOR 


APPROVAL 


SCMCDULS 


•  Hfl  (f/7tl 


Iteviamd  ly 


Tart  L«*  .  Tm»  •  OrtfiRtttf 


»  1:*  s.*mc 


Z*  AMCC  SwMll* 


Imoroved  Visor  Material 


X29-893-500 _ _ _ 9/24/80 


tAL-SHA*  On  3A  -*$T  i3Ui»MENT 


A)  Single  Lap  Seam 

| 

B)  Double  Lap  Seam 

j 

C)  Double  Lap  Seam  w/  Holes  in 

Surlyn 

1)  47  lbs/in. 


2)  47 


(CPE  failed  below  the  seam  on  all  samples) 


47-6  lbs/in.  Average 


3)  37*  "  (CPE  faile 


42.2  lbs /in.  Average 


(CPE  failed  at  bead  on  lower  seam) 


(CPE  failed  at  bead  on  lower  seam) 


(CPE  failed  at  bead  on  lower  seam) 


(CPE  failed  at  bead  on  lower  seam) 


(CPE  failed  below  the  seam  area) 


C  -  1)_ 

28* 

lbs/in. 

(CPE  failed  at  the  bead  on  lower  seam  on  all  samples) 

2) 

37* 

M 

_ a 

39* 

11 

34*  "  34.6  lbs/in.  Average 


*N0TE:  CPE  appeared  to  be  in  transverse  direction  on  these  samples  possible  causing  low  values. 


In  »•  »C  C'.  *  S.  3  *  |l“  *i*4  *y 

s  am  £  •  *  .  t  ;  ;  -  £ 

50  %Relitive  Humidity  75  Degrees  F  ~ 


•c*.  . 


%  ILC  DOVER 

|  iei  itfniBiiiM,  01.  iM4« 


<■  •nejscTMtMB 

IMPROVED  VISOR  MATERIAL 


TEST  REQUEST 


X29-893-X00 


>.  date 

10/15/80 


TEST  DC<C<WVTIO<1 


Run  Peel  Test  on  CPE  -  Surlvn  Heat  Seal  Seam 
Return  samples  to  Bob  Algera 


y  ■  TEST  MOCEOUM  ATTACHED 

C  y**  E  NO 

•  »NO  TQ  DOCUMENTATION  RtOUiRCD 
V**  NC 

»•  DaT|  R(IUL*I  nIEOKC 

10/22/80 

|  1C  ORIGINATOR 


TEST  COORDINATOR 


Rm«  •  OnyiMttr 


•  Rin  *  to  •  ** 


TtST  REQUEST 


»l*Oj  ICT  NAME 

IMPROVED  VISOR  MATERIAL 


X29-893-XOO 


II* 

05X-1 

0294-04 


10/15/80 


E1T  eSSCMVTIOM 

L.  Run  Acelerated  Aging  per  FED-STD-406,  Meth  6011, 
Proc  7 . 

2.  Run  Shear  Tesc  on  seam  after  aging. 

2.  Return  samples  to  Bob  Algera 


7.  TEST  •DOCISum  ATT  ACM  CD 

'  Y  Cl  ^  NO 

T""  l»HO  TO  DO  CUM  Cm  T  A  Tl on  RCOUlWEO 
;  Y  Cl  MO 

•-  OiTt  RtlULTlNUDCO 

_ 10/22/80 _ 

to  OAlClNATOn 


Bob  Aieera 


TEST  COORDINATOR 


WITNESS 

Bara! 

OAR  WITNESS 

Oftftnofor 

C  YES  3E  NO 

CMNlMttf 

OCAS  A  WITNESS 

“yes  “no 

04  R  CALI  ORAT  ION  VERIFICATION 

L 

j 

~  YES  “i  N0 

0  4  R  REVIEW 


SCHEDULE 


TEST  CONDUCTOR 


•MHOVAi. 


|  ot  m 


PDItM  PM  Mft  |#/7*l 


YaHtv  •  T mi  L«* 


Rtna  *  OtiiMMtw 


•  Ain  r  CO  »n  wli 


TEST  RESULTS 


it.  .«ei  hwiii 


SI*  SWMllM 

05X-11 

0294-04 


10/24/80 


ILC  DOVER 

•OS  IM-'MDIIICA,  01.  I»»44 


TCST  RKQUKST 


'  t.  •KOjseT  N*MI 

IMPROVED  VISOR  MATERIAL 

«.  TITU» 


X29-893-X00 

t.  iOTieut  Dtiem>TION 


*U*  *■*»••• 

05X-1 

0268-08 

»  DATS 

9/17/80 


SEAM  PEEL  TEST 


Surlyn  1605 


|«.  T»IT  OtlCIMtlM 


Run  Peel  Tests  on  Surlyn  and  Vinyl  covered  Surlyn  seam 
samples.  Record  peel  strength  of  each  sample 


■).  TUT  Aftocteuac  aTTaCHSO 

f""**  y* s  £22  NO 

I.  PHOTO  dO  CUMlM  fTrtOM  RCOUI  OKO 

r**  vci  3 

i.  OATt  RKIULTf  NUDCD 


1C  OftiaiNATON 


^«»t  LlvU 


«T  CDOKOIHA.TO* 

WITMOI 

res 

OnyiMHr 

Cnhimw 

1 

on  *fv<cw 

vgs  | "wo"  *'Tncs» 

!~  YES  G  HO 

'  “  OC1M  f  ITWDJ 

__  E M0 

OO*  CAU1HATION  VCHiriCATlOH 

j  3  YCI  n  WO 

|  I  commcnti 


TEST  CONDUCTOR 

|  APPHC 

scheoulc  rmm'  i 


«»PAOV»l.  I 

TC 

a»  ■ 

n*  mii  itr*t» 


j  ftifiiwid  By  DBtB 

_ _ 

T »«f  woo  to^low  .  Toot  tot  •  ©T»o«ootot 


•H»HT*e  1 N  JIA 


IMPROVED  DPE  VISOR  MATERIAL 
ENDURANCE  TEST  PLAN 


Purpose 


The  endurance  test  will  be  conducted  to  determine  the  reliability  of  the 
improved  visor  material  in  the  DPE  configuration.  The  endurance  test  will 
consist  of  two  parts:  A  manned  test  using  a  complete  DPE  system,  and  an 
impact  test  on  the  visor  seams. 


Procedure 


The  manned  endurance  test  will  consist  of  a  ten  minute  exercise  period 
and  five  minute  rest  period  repeated  24  times  for  a  total  test  time  of 
six  hours  to  verify  that  the  improved  visor  material  and  the  attachment 
seams  will  last  for  the  two  hour  duty  cycle  used  at  CAMDS.  The  exercises 
to  be  done  are: 

1.  Turn  head  left  and  right  -  5  times. 

2.  Bend  head  forward  and  back  -  5  times. 

3.  Bend  head  left  and  right  -  5  times. 

4.  Raise  arms  over  head  and  down  to  sides  -  5  times. 

5.  Move  arms  forward  and  backward  -  5  times. 

6.  Move  arms  in  a  circular  motion  -  5  times. 

7.  Duck  squat  and  fold  arms  across  chest. 

8.  Reseat  face  mask  by  grasping  through  visor. 

Repeat  exercises  for  ten  minutes  and  rest  for  five  minutes.  Check  all 
visor  and  attachment  seams  for  leaks  after  each  10  minute  exercise  period. 
The  test  subjects  may  be  alternated  or  take  an  extended  rest  outside  the 
suit  at  the  discretion  of  the  test  coordinator. 

The  exercises  are  selected  to  stimulate  the  loading  on  the  visor  and  visor/ 
helmet  attachment  seams  likely  to  be  encountered  during  normal  usage. 


ILC  DOVER 

toi  }66- 'ttDIIlCA,  oi  19946 


TEST  RESULTS 


Ilf  NwMH.» 


893-4 

1181-05 


-  *C  ‘  N  AM  C 

.  ;/«  -  *51  »*w~ft£a 

i5**l 

IMPROVED  DPE  VISOR  MATERIAL 

X29-893-X00 

8-27-81 

'  \  ’  6  '  lUO 

vcw  »*e: 

SAT* 

j 

i 

ENDURANCE  TEST 


#6 

Cycles 

Art 

1:56  - 

2:06 

W4-+W-11 

No  Leaks 

2:06  - 

2:11 

Break 

2:11  - 

2:21 

444+-W4-111 

No  Leaks 

2:21  - 

2:26 

Break 

2:26  - 

2:36 

H44  W+  11 

No  Leaks 

2:36  - 

2:41 

Break 

2:41  - 

2:51 

m  m 

No  Leaks 

-'ST  RESULTS 


^  ILC  DOVER 

•ox  ]«•- mociiCA.  of  i««4« 


IMPROVED  DPE  VISOR  MATERIAL 


!  893-4 

1181-05 


>  »*» 


X29-893-X00  8-21-81 


<i  •**-  (k  r  vies 

C4L:8R*ri 

vebi^c:  i* 

i 

i 

i 

ENDURANCE  TEST 


8:24  8:34 


8:34  8:39 


8:39  8:49 


8:49  8:54 


8:54  9:04 


9:04  9:09 


9:09  9:19 


Break 


B 


+44-1  mi 


■m+  m+ 


No  Leaks 


No  Leaks 


No  Leaks 


o  Leaks 


McClain 


« 


%  ILC  DOVER 

IOI  UfHiOillCl  Oi 


•h:  .  ;  '  n  c 


TEST  RESULTS 


'893-4 
1781 -05 


IMPROVED  DPE  VISOR  MATERIAL 


:  i  •  <Jw*mCn  ’  •  WC 


X29-893-X00 
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1 )  No  Leakage  on  Visor 


1:45  -  1:55 


1:40-  1:55  Break 


1:55  -  2:05 


2:05  -  2:10  Break 


2:10  -  2:20 


2:20  -  2:25  Break 


Cycles 


H44  11 


«44  11 


•m+  111 


rm  n 


No  Leaks 


No  Leaks 


No  Leaks 


No  Leaks 


Mark  8/20/81 


8/21/81  8:35  -  8:45 


W4-  111 


No  Leaks 


A  *A  r  §v 


•  i5  .  ’i  *t:;  »:c; 


McClain 


»OftM  NO  MIS  <#/W 


Hhtf  .  !•*»  LM 


y»n«w .  Tm«  u«t 


•  O^fiWir 


•  *»*rto  'M  w«a 


nm  mi 


Wfcit*  •  Tmi 


.  Tnt  L«* 


•  QrifiMttf 


•  •HmTSD  in  gft* 


VISOR  IMPACT  TEST  PROCEDURE 


1.  Pressurize  Test  Helmet  to  .6  iwg  and  maintain  pressure 

2.  Impact  peak  of  visor  with  impact  fixture 

3.  Check  for  leaks  every  100  impacts  to  500  and  every  500  thereafter 

4.  Conclude  test  after  2000  impacts  or  at  failure 
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